Winter hardiness is one of the main traits affecting survival, productivity and cultivar choice for important horticultural plants in a temperate climatic zone. Given the complexity of the trait and the often fluctuating winter weather, extensive field testing over many years would be required to gain reliable results. Testing for cold tolerance under controlled conditions to grade genotypes has been used in several plant breeding programs to identify superior genotypes of different species. The aim of the present study was to investigate cold tolerance of microshoots of different genotypes of the genera Prunus and Fragaria after 7, 14, 28 and 56 days of cold acclimation, by measuring ion leakage and evaluating the critical temperature (CT50) after freezing in vitro. Genotypes of Rosacea family demonstrated distinct patterns of CT50 change during cold acclimation. Cold acclimation for 56 days decreased the CT50 value by 1.3-2.0°C for Prunus microshots and by 0.8-2.1°C for Fragaria microshoots in comparison to nonacclimated plants. The results of cold acclimation and freezing treatments of Rosacea family plants in vitro show that for maximal cold hardiness, acclimation for 56 days or longer is required. Sour cherry (Prunus cerasus) cv. 'Orkolija', garden strawberry (Fragaria × ananassa) cv. 'Melody', Virginia strawberry (F. virginiana) and musk strawberry (F. moschata) were the most winterhardy after 56 days' cold acclimation. The data obtained in the study can be used to improve breeding and cryopreservation technologies of Rosacea plants, and lay the foundation for identification of genes responsible for efficient cold acclimation and low temperature tolerance.
Introduction
Insufficient cold tolerance of fruit plants is one of the main factors in reducing yield and quality in the regions of temperate climate. Fluctuating temperatures and unstable snow cover increase the incidence of cold injury of the plants. Winter damage in Lithuania often causes 30-40% yield and plant losses of strawberry and up to 75% branch tissue damage of apple trees ). Lack of winter hardiness limits the assortment of high quality pear, sour and sweet sherry cultivars. The survival of fruit plants during winter is affected by several factors or physiological responses, e.g., 1) growth cessation, 2) effective cold hardening in autumn, 3) sufficient minimal temperatures in January to complete the endodormancy phase and 4) the response to growth stimuli in periods of temporarily increased temperatures. With a range of biotic and abiotic factors contributing and interacting, disentangling the full story of winter survival has proven difficult (Davik et al., 2013) . However, low temperature stress per se is one of the most important aspects of winter survival. The cycles of freezing and thawing during wintertime have been shown to be particularly harmful to orchard plants (Sønsteby, Karhu, 2006) . The genotypic variation of winter hardiness of Rosacea plants has been previously shown for octoploid Fragaria × ananassa and diploid F. vesca genotypes (Sønsteby, Heide, 2011) , apple and pear . The production of cultivars with improved winter hardiness is a major objective for fruit breeding programs in Lithuania and other Nordic and East European countries. Improvement of cold tolerance is desirable for securing economic sustainability of the existing crops, and for expanding the growing regions of temperate fruit crops. Because strawberry and apple are representative species of the Rosaceae, the knowledge of genes involved in cold tolerance may be transferrable to the improvement of many of related crops, such as peaches, sweet and sour cherry, as well as blackberries and raspberries (Koehler et al., 2012) . Additionally, the knowledge of properties of different Rosacea genotypes for CA and cold tolerance is important for securely maintaining Rosacea collections using cryopreservation and long-or midterm preservation in vitro.
Conventional breeding is time and space consuming and is hampered by seasonal variation of climatic conditions and other factors such as pests and diseases. The use of biotechnological methods allows year-round evaluations in controlled conditions, exhaustive study of biological mechanisms of adaptation, speeding up the breeding process and enlargement of genetic base by genetic engineering (Raia et al., 2011; Wisniewski et al., 2015) . Biotechnological tools help to solve the critical problems of crop improvement for sustainable agriculture. Tissue culture technique has emerged as a feasible and cost-effective alternative tool for developing stress-tolerant plants in recent years. This technique can operate under controlled conditions with minimal environmental interaction, limited space and time can complement field selection, and has the potential for developing of stress-tolerant varieties using a low cost laboratory set up (Sakhanokho, Kelley, 2009; Verma et al., 2013) .
Measuring electrolyte leakage is one of the most frequently used methods to assess plant tolerance in response to drought and low temperature (Davik et al., 2013) . Abiotic stresses induce cell membrane injury, leading to the efflux of intracellular ions. Electrolyte leakage can reflect the change of ion exosmosis, and can be used as a measure of the level of cellular damage. There are several examples of selection for winter hardiness and cold tolerance investigations in vitro (Kushnarenko et al., 2009; Bilavčík et al., 2012) . A technology of screening cold hardy strawberry seedlings in early development stage has been developed . Accumulation of dehydrins and other metabolites as well as the expression of cold induced genes during cold acclimation in fruit plants has been previously investigated (Zalunskaitė et al., 2008; Lukoševičiūtė et al., 2009; Baniulis et al., 2012) . The aim of the present study was to investigate cold tolerance of microshoots of different genotypes of genus Prunus and Fragaria after periods of cold acclimation by evaluating the ion leakage and by calculating the critical temperature (CT50) after freezing in vitro. However, this study is the first time the cold acclimation efficiency in vitro and the CT50 data have been determined in controlled conditions for several genera of Rosacea family plants. The data obtained in the study help to ascertain the duration of cold acclimation sufficient for maximal cold tolerance, as well as to find commonalities and differences in responses to cold acclimation and hardening among different Rosacea species.
Materials and methods
Microshoots of sour cherry (Prunus cerasus) cvs. 'Molodiožnaja' and 'Orkolija', sweet cherry (P. avium) cvs. 'Merchant', 'Jurgita' and 'Vietinė rūgščioji', wild strawberry (Fragaria vesca), musk strawberry (F. moschata), Virginia strawberry (F. virginiana) and garden strawberry (F. × ananassa) cvs. 'Elsanta', 'Melody', 'Venta', 'Dangė' and 'Holiday' were used in the study. The microshoots were cultivated in glass flasks in vitro on the solid Murashige and Skoog (1962) medium containing 0.75 mg l -1 6-benzylaminopurine (BAP) and 3.0% sucrose, 0.8% agar, pH 5.8 in growing chamber under 22 ± 3°C temperature using 50-150 μmol m -2 s -1 intensity light fluorescent lamps with 16/8 h a day/night photoperiod. Microshoots were cold acclimated in 4 ± 2°C temperature for 7, 14, 28 and 56 days with 8/16 h a day/night photoperiod, using 25-50 μmol m -2 s -1 intensity light. Freezing was performed in the climate chamber LT36VL (Percival Scientific, USA) by decreasing the temperature at the speed of 1°C h -1 at the −5-−10°C temperature interval. Cold injury of microshoots and leaf tissues was evaluated based on ion leakage using a conductivity meter B250, QIS, (ProLine, Netherlands).
After freezing, the samples were thawed and incubated at 4°C in 10ml deionized water for 24 hours. Ion leakage measurement of the same sample was performed twice -after incubation and after autoclaving. Relative electrolyte leakage was determined by normalization in respect to results of not treated control and frozen at the lowest temperature (−20°C, 6 hours) samples. Relative electrolyte leakage at temperature T : RELT = (ELT / ELAUTOCL) × 100%. Index of injury at temperature ELCONTR) / (100 -RELCONTR)] × 100%. Percentage-adjusted injury at temperature T : NIT = (IT / ITLOWEST) × 100%, where ELT is sample electrolyte leakage after exposure to temperature T, ELAUTOCL -sample electrolyte leakage after autoclaving, RELCONTR -the mean relative electrolyte leakage of control samples, ITLOWEST -the mean index of injury of samples exposed to the lowest test temperature. To calculate the electrolyte leakage corresponding to 50% mortality rate of microshoots, injury score was measured and viable microshoots were counted after freezing in different temperatures. Critical electrolyte leakage was considered as arithmetic average among electrolyte leakage results obtained at the temperature, where all frozen microshoots die and electrolyte leakage after freezing at the temperature where all microshoots survive. According to the data of our investigations, critical electrolyte leakage for Fragaria and Prunus was 65% and 62%, respectively. Temperature range of microshoot mortality was 6-14°C for Fragaria and 8-11°C for Prunus genotypes. Critical temperature (CT50) was calculated using linear regression , where , , -electrolyte leakage %, -temperature, x and y -averages. Average of 10 repetitions and error of standard deviation are presented. MS Excel 2013 (Microsoft, USA) was used for calculations.
Results
Our results show that non-acclimated Prunus cultivars involved in the study (two sour cherry and three sweet cherry cultivars) did not demonstrate significant differences of freezing tolerance (Fig. 1) . Small change of CT50 values was observed after 7 days of cold acclimation. After 14 days of cold acclimation, CT50 of cvs. 'Molodiožnaja' and 'Vietinė rūgščioji' did not change. The CT50 value of the remaining three cultivars was slightly decreased. After 28 and 56 days of cold acclimation, CT50 of Prunus cultivars decreased gradually but for cv. 'Orkolija' this decrease was significantly more pronounced as compared to the remaining cultivars, especially after 28 days of cold acclimation (1.3°C as compared to 14 day cold acclimation plants). Compared to non-acclimated microshoots, the CT50 decrease after 56 days of cold acclimation was on average 2.0°C for cv. 'Orkolija' and 1.3-1.6°C for other cultivars.
It was established that in agreement with the results obtained for the Prunus cultivars, CT50 value did not differ significantly for non-acclimated and cold acclimated for 7 days Fragaria microshoots (Fig. 2) .
After 14, 28 and 56 days of cold acclimation CT50 of the Fragaria cultivars decreased gradually and the extent of the decrease was genotype dependent. Variation of the CT50 value among the cultivars increased also gradually. After 14 days of cold acclimation, the amount of this variation was 0.7°C, after 28 days -0.9°C, after 56 days -1.6°C. Significant decrease of CT50 as compared to non-acclimated microshoots was observed for F. moschata and F. × ananasa cv. 'Dangė' microshoots after 14 days of cold acclimation. After 28 days of cold acclimation only microshooots of cvs. 'Elsanta' and 'Holiday' remained at the same level of CT50 as non-acclimated microshoots. The value of other treated cultivars decreased significantly, especially for cv. 'Venta' (almost 1.0°C comparing 14 days cold acclimation plants). The largest decrease of CT50 value after 56 of cold acclimation (1.5°C comparing 28 days cold acclimation plants) was observed for cv. 'Melody' microshoots. After 56 days of cold acclimation, the CT50 value decrease as compared to non-acclimated microshoots was from 0.8°C ('Elsanta', 'Holiday') to 2.1°C ('Melody'). 
Discussion
The results of our study show that CT50 value corresponding to cold tolerance of the selected Prunus and Fragaria microshoots varied depending on the genotype and the duration of cold acclimation. After 28 and 56 days of cold acclimation of Prunus cultivars, CT50 decrease for cv. 'Orkolija' was significantly more prominent as compared to the remaining cultivars. According to Stepulaitienė et al. (2013) , cv. 'Orkolija' was the latest blooming cultivar among the investigated sour cherry cultivars -for full bloom it required the highest sum of active temperatures. In contrast to other investigated cultivars, cv. 'Orkolija' was the most susceptible to spring frost during the phase of full bloom, whereas the other cultivars were most susceptible during the fruit germ phenological phase. The trait of the late blooming could be associated with deeper and more prolonged rest period. These results were in agreement with our data showing that microshoots of cv. 'Orkolija' reached the highest cold tolerance. Such results supported the idea that the level of cold acclimation was directly related to the depth of the rest period.
It was revealed that after 28 and 56 days of cold acclimation in vitro, F. × ananassa cvs. 'Melody' and 'Venta', and also F. virginiana and F. moshata had the lowest CT50 values. It is known from previous studies that wild Fragaria species and some strawberry cultivars ('Melody' and 'Venta' among them) are more winter and cold hardy in vivo and in vitro . These results confirm the suggestion of Palonen and Buszard (1997) that correspondence of in vitro and in vivo freezing results for strawberry can only be obtained after appropriate cold acclimation.
Additional insights about cold acclimation and freezing tolerance of plants of Rosaceae family could be revealed when the results of the presented study were compared to the previously published results from our laboratory (Rugienius et al., 2016) on cold acclimation and freezing tolerance of microshoots of Malus and Pyrus sp. A total of twenty three genotypes were used in the studies. Assessment of cold tolerance of nonacclimated microshoots revealed that the mean CT50 value (7.7°C) of all the tested genera was quite similar and varied only by 0.4°C. The amplitude of variation for all genera, except Malus, was relatively low and reached 0.3-0.7°C, demonstrating that cold tolerance did not differ significantly among the non-acclimated microshoots. Malus sp. differed from the other three species by comparatively high variation of the CT50 value and according to the results of previous study (Rugienius et al., 2016) ; three groups of Malus genotypes could be distinguished based on the results obtained with the nonacclimated microshoots. M. prunifolia microshoots were the most winterhardy. Surprisingly, the highest CT50 value (−6.8 ± 0.3°C) was measured from non-acclimated microshoots of the local Lithuanian cv. 'Auksis'. This cultivar was previously described as winterhardy in Lithuania (Tuinyla et al., 1990) . The third group consisted of the other four Malus genotypes with CT50 value equal aprox. −7.7°C. This is close to the temperature −7°C that has been reported by Mathers and Stushnoff (2005) as the temperature which non-acclimated apple seedlings could survive during the freezing test under controlled conditions in vivo.
Our results show that cold acclimation for 7 days did not change the CT50 value of investigated genera (Table) , suggesting that 7 days of cold acclimation is not sufficient to improve the cold tolerance of Rosacea family microshoots. Cold acclimation for 14, 28 and 56 days decreased the mean CT50 value by 0.2, 0.6 and 1.3, respectively, suggesting that CT50 decrease was proportional to the duration of cold acclimation treatment. After acclimation for 56 days, CT50 value decreased as compared to non-acclimated microshoots from 1.1°C (Pyrus) to 1.6°C (Prunus). The amount of variation of the CT50 value also changed depending on duration of cold acclimation treatment, but this change was not the same for different Rosacea genera. Higher variation indicated larger differences among the genotypes and made it possible to differentiate them according to their cold tolerance. After shorter durations of cold acclimation treatment, value of the CT50 amplitude did not differ from non-acclimated plants.
Despite the slight mean decrease of CT50, genotype differentiation of Rosacea microshoots, cold acclimated for 14 days, was not statistically significant. Especially large increase of the CT50 value was observed for Prunus and Malus microshoots after 28 days of cold acclimation. The maximum CT50 value was achieved by Fragaria microshoots after 56 days of cold acclimation, whereas for the rest of Rosacea species, the maximum was reached after 28 days of cold acclimation. Since the relationship among the levels of cold tolerance for the genotypes of Malus, Pyrus and Fragaria sp. observed after 28 days of cold acclimation was different after 56 days of cold acclimation treatment, it could be suggested that 56 days was the optimal cold acclimation duration for evaluating the cold tolerance of genotypes. Such change did not occur for Prunus genotypes. Therefore, sufficient cold acclimation duration for the genotype differentiation was 28 days. The highest amplitude of CT50 variation was determined for non-acclimated Malus genotypes. However, the relationship among levels of cold tolerance established by the in vitro freezing did not correspond to known winter hardiness under field conditions -cv. 'Auksis' was more winterhardy than cvs. 'Gala' and Table. Critical temperature (CT50) and amplitude of its variation (shown in the brackets) among different Rosacea genera for non-acclimated microshoots and for microshoots after 7, 14, 28 and 56 days of cold acclimation treatment 'Golden Delicious' under field conditions . Such correspondence between in vitro and in vivo results for investigated Rosacea species (except Prunus) was obtained only after 56 days of cold acclimation. According to Bilavčík et al. (2012) , in vitro apple plantlets were the most cold tolerant after 7 weeks of cold-treatment, 1 week before entering endodormancy. After 8 weeks, the cold tolerance decreased, and after 20 weeks of cold acclimation it was on the level of nontreated control plants. At the end of the cultivation, the cold tolerance was even lower than in the control plants (Bilavčík et al., 2012) . The cold tolerance in these experiments was higher than that obtained by Kushnarenko et al. (2009) , who showed that plantlets had the lowest lethal temperature (LT50) values after 1-3 weeks of cold acclimation under short day (8 h light) at 2°C, followed by a 48 h period at −3°C. Sedlák et al. (2001) obtained maximal cold tolerance of apple and pear in vitro after 4-5 weeks of hardening at 4°C with long day lengths (16 light/8 dark). The in vitro apple plantlets reached cold-hardened state after shorter period (3 weeks) of the cold acclimation at 5°C (Halmagyi et al., 2010) . Three weeks of cold hardening using alternating temperature can be recommended as a standard protocol for Malus germplasm cryopreservation (Kushnarenko et al., 2009) . Before freezing studies, diploid strawberry plants were acclimated for 6 weeks at 2°C and 10-h photoperiod in vitro (Davik et al., 2013) . A study of influence of cold hardening on strawberries showed that 9 weeks of cold hardening provided the best results, while longer chilling treatment of plantlets resulted in weak growth (Borkowska, Michalczuk, 2000) . Two weeks before assessing of endodormancy in the 8 th week, leaves of apple plantlets ceased growing, became yellowish, brownish, and went down. This was apparently connected with entering the endodormant period, for which the increased production of abscisic acid (ABA), the main hormone controlling endodormancy and the associated autumn leaf fall in plants, is typical (Arora et al., 2003; Bilavčík et al., 2012) . Changes in the expression of hundreds of genes, total reconfiguration of metabolite profiles and accumulation of specific compounds during cold acclimation have been demonstrated in different plants (Kaplan et al., 2007; Rohloff et al., 2012) . It was revealed that alcohol dehydrogenase, dehydrins, and galactinol show great potential to serve as biomarkers for cold tolerance of different Rosacea plants (Baniulis et al., 2012; Koehler et al., 2012; Davik et al., 2013) . The data of our study corresponded well with the results obtained by other researchers. Some differences in the results might arise mainly due to the variations of day length and temperature regimes of cold acclimation procedure.
It is notable that some of the genotypes of different Rosacea species showed stability of CT50 value up to 28 days of cold acclimation treatment. We suppose that dynamics of CT50 change reflects sensitivity to low above zero temperatures and efficiency of cold acclimation. Analysis of profile of CT50 change after different durations of cold acclimation observed in our study revealed that the pattern of the CT50 dynamics was specific for most of Rosacea genotypes. Nevertheless, some tendencies were observed. For example, CT50 value for some genotypes that are winterhardy under field conditions, such as Fragaria × ananassa cvs. 'Venta' and 'Melody', as well as F. vesca N3, F. virginiana started to decrease after 14 days of cold acclimation, whereas for insufficiently winterhardy F. × ananassa cvs. 'Holiday' and 'Elsanta', the decrease was observed after 28 days of cold acclimation. In contrast, winterhardy genotypes of M. domestica cv. 'Popierinis', M. platicarpa, P. cerasus cvs. 'Vietinė rūgščioji', 'Orkolija' retained their CT50 at the same level as non-acclimated plants up to 14-28 days, whereas CT50 for less winterhardy M. domestica cvs. 'Gala' and 'Golden Delicious' and P. avium cv. 'Merchant' started to decrease after 7 days of cold acclimation. It was observed that the CT50 value of Malus ('Auksis'), Fragaria (F. moschata 'Dangė'), Pyrus (all except P. pyraster), Prunus ('Molodiožnaja') microshoots decreased consistently during the cold acclimation treatment. It illustrates that despite some similarities in cold acclimation dynamics among different Rosacea genera and species, specific genotypes might use different cold acclimation strategies and possibly different mechanisms. Some homological orders might exist in Rasacea family in this instance. Therefore, the variation in cold tolerance among the cultivars and species within genus often was larger than the variation among the different Rosacea genera.
Conclusions

Different genotypes in
Rosacea family demonstrated distinct patterns of critical temperature (CT50) change during cold acclimation. It was found that cold acclimation for 56 days decreased CT50 value by 1.3-2.0°C for Prunus microshots and 0.8-2.1°C for Fragaria microshoots as compared to non-acclimated plants.
2. The results of cold acclimation and freezing treatment of plants of Rosacea family in vitro showed that cold acclimation for 56 days or longer was required to achieve maximum cold hardiness. P. cerasus cv. 'Orkolija' and F. × ananassa cv. 'Melody', F. virginiana and F. moschata were the most cold tolerant after 56 days of cold acclimation. It was established that cold acclimation duration not less than 28 and 56 days was required for reliable genotype differentiation of Prunus and Fragaria genotypes, respectively.
